Introduction
The nanofibers have many superior properties, such as superfine scale [1] , large specific surface and porosity [2] , high thermal and electric conductivity [3] [4] . Therefore, they are widely applied in protective clothing [5] , biomaterials [6] , electronics [7] , tissue scaffolds [8] [9] , filter and sensor materials [10] [11], etc. There are lots of methods which can produce nanofibers. Electrospinning whatever solution or melt is an efficient method for forming nanofibers, and has attracted much interest. In recent years, bubble-electrospinning is a new method to produce nanofibers. The principle is that polymer bubble overcomes the surface tension to produce nanofibers with diameters ranging from 20 nm to several micrometers [12] .
To our knowledge, bubble-electrospinning are greatly influenced by environmental factors. Various environmental conditions will directly affect the quality of the nanofibers. Recently there have been reports about the effect of temperature on the morphology of bubble-electrospun nanofibers. [12] . However, there is little research on relative humidity in the process of bubble-electrospinning.
In this paper, continuous nanofibers were prepared by bubble-electrospinning of poly(vinyl alcohol) (PVA) and poly(vinyl pyrrolidone) (PVP) solutions at different relative humidity from 35 % to 70 %, respectively. The influence of relative humidity on the morphology and microstructures of nanofibers was studied while keeping other parameters constant.
Experimental Part

Materials.
PVA (98 % hydrolyzed, average Mw=77,000 g/mol) was obtained from Sinopharm chemical Reagent Co., Ltd. (China) and PVP (K-30) provided by shanghai FeiHao trade incorporated company. PVA was dissolved into distilled water at 90 ℃ for 3 h with the concentration of 8 % (g/ml) under magnetic stirrer. PVP polymer solution with ethanol absolute as solvent was prepared at concentration of 35%wt. All the chemicals were directly employed without further purification.
Bubble-electrospinning. The bubble electrospinning device used was demonstrated schematically in the literature [13] . The applied voltage was kept at 20 kV, and the distance from the orifice to the collector for the bubble electrospun nanofibers depositing was set at 12 cm.
SEM.
The morphology of nanofibers was characterized by Scanning Electron Microscope (Hitachi S-4800, Tokyo, Japan) instrument. The nanofibrous membranes were sputter coated with a gold film before characterization. The fiber diameters were measured via Image J software (developed by the U.S. National Institutes of Health). At least 50 nanofibers in different SEM images were analyzed for each sample. Figure 1 shows the process of bubble rupture in the bubble-electrospinning. In the beginning, the single bubble generated (Figure 1 a) . As the role of high voltage electrostatic field, the bubble was drawn and stretched (Figure 1 b, c and d) . When the electrostatic force overcomes the surface tension, the bubble bursts. A lot of jets were deposited in collecting plate and solidified to form nanofibers. SEM micrographs of bubble-electrospun PVA nanofibers under different relative humidity (from 35 % to 70 %) are exhibited in Figure 2 . It is clear that the relative humidity below 60% change did not appreciably affect the morphology of the PVA fibers. The smooth fibers were obtained in all cases (Figure 2 a, b, c and d) . When the relative humidity was up to 70%, fiber adhesion appeared (Figure 2 e) . Additionally, the fiber diameter was found to be 368, 391, 598, 581, and 691 nm at the relative humidity of 35, 40, 50, 60, and 70 %, respectively. The diameter of the fibers increases non-linearly with relative humidity. The diameter distribution histograms of the nanofibers formed under various relative humidity (Figure 2) show that the formed PVA fibers are relatively uniform. Figure 3 exhibits SEM micrographs of bubble-electrospun PVP nanofibers under different relative humidity (from 35 % to 70 %). Obviously, the relative humidity below 50% change did not appreciably affect the morphology and microstructures of the PVP fibers (Figure 3 a, b and c) . When relative humidity reach 60%, the fibers swelling and the diameter became larger (Figure 3 d) . Similarly as the relative humidity was up to 70%, the fibers appeared severe adhesion (Figure 3 e) . This is consistent with the previous experiment results of PVA. 
Results and Discussion
Conclusions
The influence of relative humidity on bubble-electrospun PVA and PVP nanofibers was investigated. At a certain condition, the morphology of nanofibers can be found relatively uniform. But when the relative humidity was up to 70%, the fibers appeared adhesion which will restrict their applicability significantly. Therefore, the preparation of nanofibers with high quality under appropriate conditions are necessary.
